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Abstract 
In the present study, Melissa Officinalis (lemon balm) was extracted with water in a semi-automatic extraction device 
using the double effect of pressure/decompression and forced percolation of the plant. An inclusion complex of the 
extract with E-cyclodextrin (E-CD) was prepared upon mixing of the components in aqueous media and subsequent 
freeze-drying. The same extract was encapsulated in modified starch (MS) after forming aquatic emulsions and then 
spray drying. Inclusion complex formation was confirmed by Differential Scanning Calorimetry (DSC). DSC studies 
under oxidative conditions indicated that the complexes of lemon balm extracts with E-CD and MS were protected 
against oxidation, since they remained intact at temperatures where the free lemon balm extract was oxidized. 
Moreover the antioxidant activity of the extract was higher when the extraction solvent was enriched with ȕ-CD. 
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1.Introduction 
Melissa officinalis (lemon balm) is a perennial herb in the mint family Lamiaceae, native to southern 
Europe and the Mediterranean region [1]. The extract of its leaves is used to treat Graves’, Alzheimer’s 
and thyroid diseases. The main active compounds that contains are phenolic acids, which are well known 
antioxidants [2]. Phenolic acids also possess antibacterial, antiviral, and anti-fungal properties, and are 
known to stimulate the immune and blood circulatory systems [3-5]. In order to use lemon balm leaf 
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extract as a nutraceutical, effective methods of extraction and encapsulation of phenolic acids are 
required. Encapsulation imparts some degree of protection to the active compounds against oxidation, 
evaporation, reaction or migration. It also provides an enhancement of the solubility of the active 
compounds and thus these encapsulated ingredients may be used for the preparation of several fortified 
foods and functional foods [6]. 
Cyclodextrins (CD) (cyclic glucose oligomers having six, seven or eight glucose units, linked by 1,4-Į-
glucosidic bonds and called respectively Į-, ȕ- and Ȗ-cyclodextrin) are chemically and physically stable 
molecules, formed by the enzymatic modification of starch [7]. They have the ability to form inclusion 
complexes with a wide variety of organic compounds, which enter partly or entirely into the relatively 
hydrophobic cavity of CD, simultaneously expelling the few high-energy water molecules from inside. 
The size of cyclodextrins cavity allows selectivity for the complexation of guest molecules, therefore the 
CD’s act as molecular encapsulants [8]. The physical, chemical and biological properties of the 
encapsulated molecules may be drastically modified [9]. Encapsulation with CD’s leads to increased 
dissolution rate, membrane permeability and bioavailability of nutraceuticals of low solubility. The CD’s 
act as flavor carriers, while furthermore they protect against oxidation, light-induced decomposition and 
heat-induced changes. Moreover CD’s improve the shelf life of food products and mask or reduce 
undesired smell or taste [10]. Probably the most important consequence of encapsulation in CD’s is the 
increment of water solubility of various sparingly soluble compounds. MS can be used as an alternative 
way to encapsulate nutraceuticals. Chemical modification of starch has been used to improve the 
gelatinization and cooking characteristics, and to prevent retrogradation and gelling tendency [11].  
Differential Scanning Calorimetry (DSC) is among the methods used to confirm the formation of a 
complex in the solid state. The disappearance of thermal events of guest molecules when they are 
examined as CD complexes is generally considered as a proof of real inclusion [12]. Furthermore, DSC 
may be used under oxidative conditions to study the oxidation of a molecule [13]. 
The aim of this work was to prepare encapsulated forms of lemon balm leaf extract in ȕ-cyclodextrin 
and modified starch in solid state.  Another objective was to verify the encapsulation via Differential 
Scanning Calorimetry (DSC) and to study the stability of the free and encapsulated extract under 
oxidation conditions. 
2.Materials and Methods 
Melissa officinalis’ leaves were collected from Arkadia region (Greece); ȕ-CD was purchased from 
Aldrich Chemie GmbH (Steinheim, Germany). Tween 80 was obtained from Merck (Steinheim, 
Germany). Modified starch (sodium octenyl succinate modified starch) was obtained from Cargill, Inc. 
(Cedar Rapids, IA, USA).  
A Semi-automatic extraction equipment for the simulation of a percolation of the type Timatic 
(Tecnolab,Italy)  working via programmed pressure and low temperature was used with water as a 
solvent. The extraction cycle alternates a dynamic phase - obtained via a programmed pressure - with a 
static phase, for the transfer of the extract into the solvent. The conditions of the program were: 
Compression time: 5.0 min, Decompression time: 6.0 min, Total process time: 363min, Number of 
percolation: 10 and Number of cycles: 33. 
The inclusion complexes of lemon balm constituents in ȕ-CD were prepared by dispersing the extract 
in 20 mL aqueous solution of ȕ-CD (16 mM) and mixing in a laboratory stirrer for 24 h at room 
temperature. In order to remove any insoluble extract the suspension were filtered through a 0.45 μm 
PVDF filter (Chromafil P-45/25, Macherey-Nagel, Duren, Germany). The filtrates were frozen at –80°C 
for 24 h and then lyophilized in a ModulyoD (ThermoSavant, USA) freeze dryer. 
The encapsulated forms in modified starch were prepared by making emulsions of the extract studied 
in aqueous solutions of modified starch and then spray drying the mixture. Emulsion of the lemon balm 
extract was prepared by dissolving modified starch (20 g) in deionised water (50 mL), followed by the 
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addition of the extract (1 g), while mixing with the aid of a mechanical stirrer and employing Tween 80 
(50 mg) as emulsifier. The resulting crude emulsions were homogenized for 1 min at 9500 rpm with an 
Ultra Turrax T25 homogenizer (IKA Instruments, Staufen, Germany) and were subsequently turned to 
powder by a bench top spray dryer (Mini Spray Dryer B-290, Buchi, Switzerland).  Ambient air was 
sucked into the dryer via a blower delivering a maximum flow rate of 35 m3/h. The air was heated to a 
temperature of 135qC. A peristaltic pump delivered the feed solution to a two-fluid stainless-steel 
atomizer with a liquid jet of inside diameter 0.7 mm. Compressed air (5-8 bar) was fed to the atomizer at 
around 600 L/h. The drying air flowed co-currently with the spray through the main chamber of the dryer 
and then through the cyclone. The feed solution flow rate was controlled through the speed of the 
peristaltic pump and it was usually set at the maximum possible value permitting successful drying for the 
given drying air inlet temperature. The maximum evaporative capacity of the dryer is 16.7 mL of 
water/min at 220qC drying air inlet temperature. In this work the feed flow rate was set at 8 mL/min and 
the outlet air temperature was around 77qC.  Spray-dried powder samples were collected in the flask at the 
base of the cyclone and were stored in hermetically sealed containers at -40qC until analyzed.  
A Perkin Elmer Differential Scanning Calorimeter (Perkin Elmer, DSC-6, Boston, MA, USA) was 
employed. Samples were weighed with an accuracy of +0.01 mg, placed in 40 μL closed aluminum pans 
and scans were conducted under nitrogen between 40°C and 210°C at a 10°C /min rate. DSC curves of 
four types of samples were obtained: (a) pure ȕ-CD, (b) pure lemon balm extract, (c) the physical mixture 
of (a) and (b), and (d) the inclusion complex of (a) and (b).  
DSC was furthermore employed to study the thermo-oxidation stability of the samples. Samples of 
pure lemon balm extract as well as its complex with ȕ-CD and its encapsulated form in MS containing 
around 2 mg of extract, were placed in 40 μL aluminum pans having a hole in their lid. The specimens 
were heated in pure oxygen atmosphere from room temperature to 120°C at 90°C/min, remained at 120°C 
for one minute, to ensure a uniform temperature distribution within the sample, and then heated up to 
420°C at 10°C /min. 
The antioxidant activity of the extract and also extracts that extracted in presence of ȕ-cyclodextrin was 
also studied with antioxidant radical scavenging methodology using 1,1-diphenyl-2-picrylhydrazyl DPPH 
radical and according to the method described by Guendez et al [14]. 
3.Results and Discussion 
In Figure 1 the depiction of the principle of function of the Timatic is presented. The yield of the 
extraction of lemon balm using water as a solvent was 92%. 
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Fig. 1. Depiction of the principle of function of the Timatic. A: extraction chamber; B: active pressure piston; C: secondary pressure 
piston; D: pump; E: pneumatic valve 
The formation of inclusion complex of an extract in ȕ-CD can be confirmed by obtaining DSC 
thermograms in an inert atmosphere for: (a) pure extract (b) pure ȕ-CD, (c) physical mixture of extract 
with ȕ-CD, and (d) the encapsulated extract with a methodology described previously [15].  
Figure 2 depicts the DSC results for the different types of samples: (a) pure lemon balm, (b) pure ȕ-
CD, (c) physical mixture of lemon balm with ȕ-CD, and (d) the respective lemon balm/ȕ-CD inclusion 
complex. Pure lemon balm DSC scan exhibited an endothermic peak at 193°C (Figure 2a), which 
corresponds to lemon balm’s constituents melting point. The DSC thermogram of ȕ-CD showed an 
endothermic peak at 171°C (Figure 2b), possibly due to elimination of water. The DSC scan of the 
physical mixture was similar to those of pure lemon balm and ȕ-CD, exhibiting the respective 
endothermic peaks (Figure 2c), thus offering an indication that no inclusion occurred by simple mixing.  
In Figure 2d, the thermograms of the inclusion complex did not show any sharp endothermic peak and the 
elimination of the endothermic peak at 193°C indicates that an inclusion complex rather than a simple 
physical mixture has been formed between lemon balms’s constituents and ȕ-CD. 
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Fig. 2. DSC thermograms of (a) lemon balm, (b) ȕ-CD, (c) their physical mixture, and (d) inclusion complex 
The encapsulation of the extract in modified starch (MS) was confirmed using DSC indirectly by 
comparing the thermal stability under oxidation conditions of free extract compared with extract 
encapsulated in MS molecules. The expected higher thermal stability of encapsulated form may be 
considered as an indirect proof of encapsulation.  In Figure 3 the DSC oxidation curves of (a) pure lemon 
balm extract, (b) the inclusion complex of lemon balm with ȕ-CD and (c) lemon balm encapsulated in 
modified starch are presented. The exothermic peak initiated at 146°C for pure lemon balm is related to 
lemon balm’s constituent’s oxidation. This peak was not present in the DSC scan of the lemon balm/ȕ-CD 
complex indicating that constituents of lemon balm are protected from oxidation being inside the ȕ-CD 
cavity. Similar results were obtained by DSC of the lemon balm/ MS sample under oxidative conditions at 
the same temperatures, (Figure 3c), indicating that lemon balm’s constituents are also more stable when it 
is encapsulated in MS. The exothermic peaks emerging after 194°C for lemon balm/ȕ-CD complex and 
after 246°C for lemon balm/MS complex are possibly due to the decomposition of the constituents. 
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Fig. 3. DSC thermograms of (a) pure lemon balm extract, (b) complex of lemon balm/ȕ-CD and (c) lemon balm/modified starch 
under oxidative conditions 
The assessment of the in vitro antiradical activity, employing the stable radical DPPH, showed that the 
antioxidant activity of the extract increased when the extraction was performed in aqueous solution that 
contained ȕ-CD. When the concentration of the ȕ-CD in the extraction solvent increased the antioxidant 
activity also increased (Figure 4). The increment attributed to the increment of the solubility of lemon 
balm constituents in water due to the inclusion complex formation with ȕ-CD. 
 
 
Fig. 4. Radical Scavenging activity of extract extracted with water and in aqueous solution of ȕ-CD 
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4.Conclusion 
Encapsulation of lemon balm’s active compounds in ȕ-cyclodextrin makes the active compound more 
soluble in water than the free molecule. Moreover, it may be concluded that the encapsulated molecules 
are protected from oxidation, as depicted from oxidative DSC studies. Therefore, the encapsulated forms 
can be used as additives to foods. Moreover the dissolution of ȕ-CD in the extraction solvent increased the 
antioxidant activity of the obtained extract.  
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